In-vitro synergism of m-TOR inhibitors, statins, and classical chemotherapy: potential implications in acute leukemia.
Classical chemotherapy has an active, but limited, role in acute leukemia with relapse common in adult patients. Recent evidence has implicated signal transduction pathways in leukemic progression and also in resistance to cytotoxic therapy. We have used a short-term, in-vitro incubation assay with cytotoxic analysis by MTT, confirmed by histone-associated DNA fragmentation, to evaluate both classical and nonclassical combinations of drugs. Isobologram median effect analysis, confirmed by curve shift analysis, was used to identify synergy and antagonism. Fluvastatin, a prenylation inhibitor, demonstrates global enhancement of the effects of classical agents in both AML-193 and KG-1 cell lines. Similarly, the m-TOR inhibitors, RAD-001 (everolimus) and rapamycin, also cause time-dependent global enhancement of cytotoxic agents. At clinically achievable combinations, RAD-001 perturbs the AKT pathway in vitro. The unique combination of fluvastatin and an m-TOR inhibitor was synergistic in both cell lines. These effects were independent of whether or not human plasma was used in the assay system. These studies suggest several novel combinations of agents that need to be evaluated in the management of leukemia.